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Summary
The cardiac eVects of hypercalcaemia are
usually manifest as a shortening of the
QT-interval. Hypercalcaemia is infre-
quently associated with a clinically mani-
fest arrhythmia. However, concomitant
therapy with digoxin or underlying car-
diac disease can potentiate the arrhyth-
mogenic eVects of hypercalcaemia,
leading to a symptomatic rhythm disor-
der. We describe a symptomatic arrhyth-
mia, which developed in a patient with
hypercalcaemia secondary to squamous
cell carcinoma of the bronchus. The
patient was on digoxin therapy at the time.
The arrhythmia did not recur after dis-
continuation of digoxin therapy and cor-
rection of the hypercalcaemia. Because of
its eVect on cardiac conduction, hypercal-
caemia should be considered in the evalu-
ation of any patient with an unexplained
bradyarrhythmia. Conversely, patients
with hypercalcaemia should discontinue
digoxin therapy and be evaluated for the
presence of rhythm disorders while re-
ceiving appropriate treatment for hyper-
calcaemia.
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Clinical observations of conduction distur-
bances caused by hypercalcaemia are rare. A
few case reports exist describing patients with
bradyarrhythmias such as atrioventricular (AV)
nodal conduction defects, sinus node dysfunc-
tion and atrial fibrillation in the setting of
hypercalcaemia. Underlying disease of the
conduction system or cardiomyopathy may
play a role in the pathogenesis of the observed
arrhythmias.1 2 We describe a patient with
hypercalcaemia due to malignancy who devel-
oped a symptomatic bradyarrhythmia while on
digoxin therapy and review the literature.

Case report

An 81-year-old woman had a sudden syncopal
episode without premonitory symptoms while
having a meal. She regained consciousness
within one minute. Bystanders noted a slow
radial pulse and a flushed complexion. She was
admitted to a local hospital for evaluation and
continuous cardiac monitoring.

Over the year preceding admission, she had
been evaluated repeatedly by her local physi-
cian for weakness, dyspnoea and malaise asso-
ciated with an unexplained 4.5 kg weight loss.

A presumptive diagnosis of congestive heart
failure was made and since that time, the
patient had been treated with digoxin and loop
diuretics. Over the 8 weeks prior to admission,
she developed a cough productive of green
sputum.

During the 12 hours following admission,
the patient had several sinus pauses of 2.0 to
5.1 seconds. Laboratory evaluation on admis-
sion was remarkable for a total calcium of 3.0
mmol/l (normal 2.2–2.5). The serum digoxin
level was 1.5 ng/ml (0.5–2.0). The chest X-ray
showed a left upper lobe infiltrate of indetermi-
nate nature but was otherwise unremarkable
with no signs of congestive heart failure or pul-
monary venous hypertension. The patient was
transferred to our facility for further evaluation
and treatment.

Physical examination revealed an elderly
woman in no apparent distress. There was no
palpable lymphadenopathy. Her pulse was
regular in rate and rhythm at 74 beats/minute.
There were no added heart sounds and exam-
ination of her chest and abdomen was
unremarkable. She was oriented to time, place
and person and there were no focal neurologi-
cal deficits.

A 12-lead electrocardiogram (ECG) ob-
tained on admission was notable for the
presence of first-degree AV block. Temporary
transvenous pacing was established. The hy-
percalcaemia resolved after intravenous hydra-
tion and diuretic therapy. Subsequently, no
further sinus pauses were observed. A com-
puted tomography scan of the thorax revealed
an ill-defined, peripheral, bronchocentric le-
sion in the left upper lobe. Mediastinal and
hilar adenopathy was also present. Trans-
thoracic echocardiography showed a normal
ejection fraction of 55%. There were no
regional wall motion abnormalities. The serum
parathyroid hormone was appropriately sup-
pressed at 0.8 pmol/l (1.0–5.2). Bronchoscopy
revealed an endobronchial lesion in the right
main bronchus that was biopsied. The histol-
ogy showed Grade 3 squamous cell carcinoma.
An oncology consultation was obtained and
after explanation of the therapeutic options, the
patient elected not to pursue chemotherapy or
radiotherapy.

Since the patient declined therapy for her
malignancy, she was felt to be at risk for recur-
rent bradyarrhythmias and a permanent
pacemaker was placed to prevent further
symptoms. Digoxin was discontinued and she
was discharged home after uneventful pace-
maker placement. First degree AV block was
still present on the ECG obtained on dismissal.
Serum calcium levels were normal at that time.
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Discussion

CARDIAC CONDUCTION AND HYPERCALCAEMIA

Within the range of calcium concentrations
that are compatible with life, Ca2+ has little
eVect on the resting membrane potential.
However, phase 2 of the action potential, the
total duration of the action potential, and the
duration of the eVective refractory period tend
to be prolonged by hypocalcaemia and short-
ened by hypercalcaemia.3 4

Hypercalcaemia has been shown to decrease
cardiac conduction velocity and shorten the
refractory time. This facilitates re-entry
mechanisms and the development of complex
ventricular arrhythmias. The main ECG mani-
festation of hypercalcaemia is a shortened
QT-interval, sometimes associated with a slight
prolongation of the PR and QRS-intervals. In
patients with severe hypercalcaemia (>3.4
mmol/l), second or third degree AV block can
occur.3–5 The prolongation of the QTc seen in
patients with hypocalcaemia is associated with
a prolongation of the ventricular refractory
period which may have an anti-arrhythmic
action. The reverse is true of the shortened
ventricular refractory period seen in hypercal-
caemia (box 1). Vagal activity could play a role
in the production of arrhythmia because
atropine abolishes the arrhythmias created by
the infusion of calcium-containing solutions.6

Sudden death in patients with hypercalcae-
mia has been reported. The proposed mech-
anism of death in these patients is ventricular
fibrillation secondary to the underlying electro-
lyte disturbance.7−9 In a retrospective review of
47 patients with conservatively managed hyper-
parathyroidism, Corlew et al identified one
patient whose death was attributable to a
malignant ventricular arrhythmia.10 Rosenqvist

et al studied cardiac conduction in 20 patients
with hypercalcaemia caused by primary
hyperparathyroidism.11 These patients had no
clinical, radiological or ECG evidence of
underlying heart disease and underwent con-
tinuous ECG monitoring in the presence of
hypercalcaemia before surgery and after nor-
malisation of serum calcium values in the post-
operative period. In this series there was no
diVerence in the prevalence of supraventricular
or ventricular arrhythmias. No high-grade
AV-block was observed. A postoperative pro-
longation of the QTc was noted in all patients.11

A review of the records of 193 patients with
surgically treated primary hyperparathyroidism
identified two patients with a junctional rhythm
prior to surgery. No ventricular arrhythmias
were noted in this series.12 Continuous 24-hour
ECG monitoring undertaken in eight patients
with hypercalcaemia (2.9–4.4 mmol/l) due to
metastatic breast cancer did not detect any sig-
nificant arrhythmias. Extrasystoles seemed to
occur more frequently in these patients than in
the general population. The frequency of ven-
tricular ectopy did not change with the correc-
tion of hypercalcaemia and was attributed to
the toxic eVects of the anthracycline-based
chemotherapy that all of these patients
received.2

DIGOXIN AND HYPERCALCAEMIA

The interaction between hypercalcaemia and
digoxin is often overlooked. Cardiac glycosides
potentiate the eVect of hypercalcaemia on car-
diac conduction. Digoxin and the other glyco-
sides inhibit the myocardial Na+/K+-ATPase,
thereby increasing intracellular sodium which,
in turn, inhibits the Ca2+/Na+-antiporter and
increases intracellular calcium levels (figure).3

Both digoxin and hypercalcaemia decrease the
excitation threshold and shorten the eVective
refractory period in the ventricles and have
similar eVects on the automaticity of ectopic
pacemakers (box 2). Symptoms and signs of
digoxin toxicity may appear at normal digoxin
levels in the presence of hypercalcaemia.3–5 13

Discussion

The patient described in this article developed
a symptomatic bradyarrhythmia in the setting
of hypercalcaemia and concomitant digoxin
use. Other than first degree AV block, there was
no other clinical or echocardiographic evidence
of underlying heart disease. Since the brady-

Figure Digoxin increases intramyocardial levels of calcium by indirectly increasing
the activity of the sodium/calcium antiporter; [Ca2+]i = intracellular calcium and
[Ca2+]e = extracellular calcium
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EVects of ↑Ca2+ on cardiac conduction

x lowering of the excitation threshold
x shortening of phase 2 of the action potential
x shortening of the eVective refractory period
x decreased myocardial conduction velocity
x facilitation of re-entry
x shortened QTc
x second or third-degree AV block with Ca2+ >14.0

mmol/l

Box 1
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arrhythmia was temporally related to the
development of hypercalcaemia, but resolved
after normalisation of the serum calcium, we
conclude that the symptomatic sinus pauses in
this patient were due to the combined eVects of
hypercalcaemia and digoxin on cardiac con-
duction. The resolution of the bradyarrhythmia
was not related to discontinuation of digoxin.
The patient took this medication on the morn-
ing of admission; therapeutic levels were
present long after the cessation of brady-
arrhythmia.

Although hypercalcaemia is commonly en-
countered clinically, bradycardia is infre-
quently observed in this setting. It is likely that
there is significant inter-individual variability in
the propensity to develop a cardiac conduction
disturbance related to hypercalcaemia.

Hypercalcaemia can have many aetiologies.
Some of these aetiologies have myocardial
eVects other than those mediated by hypercal-

caemia. The possible causes of hypercalcaemia
and potential cardiac eVects other than those
mediated by the hypercalcaemia are listed in
box 3. Cardiac disease, or the underlying cause
of hypercalcaemia, may increase the patient’s
susceptibility to the arrhythmogenic eVects of
hypercalcaemia.
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EVects of digoxin on cardiac
conduction

x lowering of the excitation threshold*
x shortening of the eVective refractory period*
x increased atrioventricular refractoriness*

*Potentiates the eVect of hypercalcaemia

Box 2

Causes of hypercalcaemia and
potential cardiac eVects other than
those mediated by hypercalcaemia

x thyrotoxicosis: thyrotoxic cardiomyopathy,
increased myocardial irritability, tachycardia,
atrial fibrillation (increased sensitivity to
circulating catecholamines)

x phaeochromocytoma: increased myocardial
irritability, tachycardia, atrial fibrillation
(increased circulating catecholamines)

x Addisonian crisis:eVects of ↑K+, volume
depletion

x theophylline intoxication: increased myocardial
irritability

x sarcoidosis: infiltrative cardiomyopathy;
destruction of the conducting system

x tuberculosis: constrictive pericarditis
x malignancy: eVects of anthracycline

chemotherapy; malignant pericardial eVusion
x Paget’s disease of bone: high output cardiac

failure

Box 3
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